We describe a new gasometric method to determine erythrocyte catalase activity by the measurement of the volume of oxygen produced as a result of hydrogen peroxide decomposition in a system where enzyme and substrate are separated in a special reaction test tube connected to a manometer and the reagents are mixed with a motor-driven stirrer. The position of the reagents in the test tube permits the continuous measurement of oxygen evolution from the time of mixing, without the need to stop the reaction by the addition of acid after each incubation time. The enzyme activity is reported as K Hb , i.e., mg hydrogen peroxide decomposed per second per gram of hemoglobin (s -1 g Hb -1 ). The value obtained for catalase activity in 28 samples of hemolyzed human blood was 94.4 ± 6.17 mg H 2 O 2 s -1 g Hb -1 . The results obtained were precise and consistent, indicating that this rapid, simple and inexpensive method could be useful for research and routine work.
Introduction
Several methods have been described for the measurement of erythrocyte catalase activity. Most are based on the measurement of residual hydrogen peroxide after incubation with the enzyme or the volume of oxygen produced by decomposition of the substrate. Traditional gasometric methods include manometers equipped with a burette (1), the ureometer of Ambard (2) , specially designed manometers (3) , as well as the Van Slyke apparatus (4) . According to Rorth and Jensen (5) none of these methods can be considered fully satisfactory due to the extremely rapid action of catalase on hydrogen peroxide, which renders the reaction difficult to follow at the beginning (6) . In addition, there is a rapid decrease in the reaction velocity just a few seconds after the beginning of the reaction due to the formation of an inactive enzyme-substrate complex (ES III), especially when the concentration of the substrate is above 0.1 M (7-10). Other nongasometric methods have been described: these include iodometry (11, 12) , titrimetry using potassium permanganate (13, 14) , polarimetry (15) , spectrophotometry (16) (17) (18) , colorimetry (19, 20) and methods based on luminol chemiluminescence (21, 22) .
Catalase activity must be measured when substrate decomposition follows a first order kinetics, i.e., before the formation of inactive intermediate complexes (9) . The initial ve-locity is considered to be constant only during the first few seconds after the beginning of the reaction (8) , so that product formation must be measured immediately after mixing of the reagents for precise results (5) . In addition, for catalase measurement attention must be paid to important technical details to obtain precise results. Blood samples are initially hemolyzed with distilled water, since enzyme activity is higher in the hemolysate. Blood samples can be stored at 4 o C for more than 72 h and some samples will not lose activity for as long as 21 days. In contrast, after dilution in water enzyme activity is reduced presumably because the enzyme is rapidly denatured (23, 24) .
Catalase activity can be measured at room temperature due to the low activation energy required for decomposition of the substrate (10). Tudhope (24) measured enzyme activity at temperatures of 1, 8, 14 and 22 o C and did not observe significant differences, whereas at 37 o C there was some enzyme denaturation. According to Bonnichsen et al. (25) , when determining catalase activity, the substrate concentrations should be low, the enzyme concentrations high and the incubation time short.
Maral et al. (21) determined erythrocyte catalase activity in different species by measuring the light emitted from oxidation of luminol by horseradish peroxidase. They considered normal values for human blood to be 100 and reported other animal species as percent of this reference value.
In the present study we describe a gasometric method suited for measurement of oxygen evolution from the decomposition of hydrogen peroxide by catalase, starting from the time when the reagents are first mixed, without the need for acid denaturation of the enzyme for each measurement.
Material and Methods
Blood samples were obtained from healthy human adult subjects of both sexes aged 18 to 60 years and collected into heparinized flasks. Hemoglobin (Hb) levels were determined with an automatic analyzer (Reflotron, Boehringer-Mannheim, Mannhein, Germany). Catalase activity was determined in duplicate at room temperature (range 20 to 24 o C), measuring the volume of oxygen produced by decomposition of hydrogen peroxide. We also determined catalase activity in 10 samples each of different species (chicken, sheep, rabbit and horse) and the results were compared to those of Maral et al. (21) .
Measurement of oxygen
Hydrogen peroxide decomposition occurred in a reaction tube (RT) similar to that described by Meldrum and Roughton (26) which was connected to a manometer (MA) opened to the atmosphere. The reagents were mixed by connecting the reaction tube to a stirring motor (M). The motor, adapted from an electric knife, moves the blade monoaxially at a frequency of 1,950 cycles per minute and an amplitude of 0.7 cm. A support (ST) for the RT was welded on the blade (B) as shown in Figure 1 .
Calibration of the manometer
The manometer was calibrated in order to determine the amount of hydrogen peroxide that displaces the manometer column by a distance of 1.0 cm after complete decomposition. This is the manometer factor (Fm). The manometer was filled with a solution of 0.15 g% Congo red. The calibration was achieved by dispensing 0.5 ml of 0.060 N hydrogen peroxide (0.51 mg H 2 O 2 ) and 0.5 ml of 1% sulfuric acid (v/v) into one of the arms of the RT and 1.0 ml of 0.25 N potassium permanganate into the other. The RT was capped and the internal pressure of the system was then equilibrated with the atmospheric pressure through a valve (V) (see Figure 1 ). The initial position of the manometric liquid column (baseline) was recorded and the stirrer was then turned on. The stirrer was turned off after the displacement of the manometer liquid column had stopped, which indicated the decomposition of 0.51 mg of hydrogen peroxide. The displacement distance (h) in centimeters was recorded and further corrected for the standard conditions of temperature and pressure to obtain the corrected distance (h c ). The ratio is a constant that is characteristic for each manometer used in this technique.
Determination of catalase activity
The procedure was the same as described for calibration except that we dispensed 1 ml of 0.03 N hydrogen peroxide in 0.1 M sodium phosphate buffer, pH 7.0, into one arm of the RT and 1 ml of hemolyzed blood solution in distilled water (containing 0.4 mg of Hb) into the other. h was recorded at the times (t) of 15, 23 and 30 s, and later corrected for standard conditions of temperature and pressure.
Since catalase kinetics follows a parabolic equation ( 
Relationship between catalase activity and hemoglobin
Catalase activity was measured in four different dilutions of blood, namely 0.08, 0.12, 0.16 and 0.20 mgHb/ml, and the correlation of enzyme activity with Hb concentration was established. 
Enzyme denaturation in hemolyzed blood
Two blood samples were analyzed at l-h intervals for 7 h to determine the loss of enzymatic activity by denaturation in distilled water at room temperature (range 20 to 24 o C). The hemoglobin concentration used (0.4 mg/dl) was the same as indicated in the description of the technique.
Equivalence of units
We established the equivalence between the relative activity scale reported by Maral et al. (21) and our data, taking the human value as 100% in both series.
Results and Discussion
The relationship between the amount of hydrogen peroxide decomposed and the time in seconds, obtained experimentally, is shown in Figure 2 . The same figure also shows a theoretical curve calculated from the experimental data using the equation for a parabola. Figure 3 shows that the experimental data for the amount (mg) of hydrogen peroxide decomposed are related to the square root of the corresponding time in seconds .The correlation between the enzymatic decomposition of hydrogen peroxide and the amount (mg) of hemoglobin present in the system is shown in Figure 4 . The loss of enzyme activity as a function of time at room temperature was calculated to be 5%/h (Figure 5) . Figure 6 shows the equivalence between our data for different species and those of Maral et al. (21) . The repetitions executed in all samples throughout the experiment showed a negligible deviation (2.0 ± 1.5%).
The value obtained for catalase activity (K Hb ) for 28 samples of hemolyzed human blood was 94.4 ± 6.17 mg H 2 O 2 s -1 g Hb -1 .
In this study we did not consider the sex of blood donors because this parameter does not apparently influence catalase activity (8, 24, (27) (28) (29) (30) . However, two conflicting re- Figure 3 , where a straight line was obtained when the amount of hydrogen peroxide decomposed was plotted as a function of the square root of time, which is a characteristic of the reaction catalyzed by catalase (4) .
The results obtained with the four blood dilutions (Figure 4) show that there is a relationship between catalase activity and hemoglobin concentrations which agrees with Kirk (4), Takahara et al. (7) and Miller (23) .
Our data indicate that normal catalase levels (the average ± two standard deviations) is between 82.06 and 106.74, which is much better than the average ± three standard deviations suggested by others (28, 29) .
